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Homogeneity of Behavior Indicated from the 
Spearman-Brown Prophecy Formula* 
By CHARLES 0. NEIDT 
The reliability of a test is usually defined as the consistency with 
which a test measures whatever it measures, the consistency being 
indicated by the correlation between two administrations of the 
same test or between equivalent forms. Whenever it has not been 
feasible to administer the test twice, or whenever full-length equiva-
lent forms have not been available, the procedure usually followed 
has been that of making two synthetic tests by scoring the odd- and 
even-numbered items separately, or by scoring two randomly-drawn 
lists of items. Dividing the test in this manner results in obtaining 
a correlation between two forms which are half the length of the 
original test. It has long been recognized that the reliability of a 
test is increased as its length is increased. Spearman ( 17) and 
Brown ( 1), in a formula developed independently, have expressed 
the degree of reliability to be expected by lengthening tests. When 
this formula is applied to the correlation obtained from two halves 
of a test, an estimation of the reliability to be expected by lengthen-
ing the tests is obtained. The Spearman-Brown prophecy formula 
is well known and may be written 
Nr12 
ro = 1 + (N-l)r12 
where ro = estimated coefficient of reliability 
r12 = correlation between odd and even scores 
N = number of times test is to be lengthened. 
In the case of odd-even correlation where the length of the entire test is to 
be double the number of either the odd or even items, the foregoing formula 
reduces to 
ro = 1 + ru 
The general formula can be used to estimate coefficients of reli-
ability of a test S, 10 or any number of times as long as the one 
available. If a certain desired coefficient of reliability is postu-
lated, the number of times a test must be lengthened to obtain this 
reliability coefficient can be found. 
Perhaps the major assumption in the estimation of coefficients of 
reliability to be obtained when a test is lengthened is that additional 
items will be similar to those originally in the test. Several research 
studies have indicated empirically that as long as this condition has 
been fulfilled, estimation has been accurate. 
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Holzinger (7) found that the formula tended to predict the ob-
tained reliability of intelligence test material when N was 5 or less, 
but for values of N greater than 5 the formula tended to overpre-
dict the results empirically obtained. However, his material was 
not entirely homogeneous, thus violating to a certain extent the 
major assumption. In a later investigation, Holzinger and Clay-
ton (8) applied the formula to components of spelling material and 
mental test material which were considered to be "the most care-
fully graded, homogeneous material available." In each case a close 
correspondence between the estimated and obtained reliability 
·coefficients was found. This finding led the authors to conclude 
"With accurately calibrated test material the [Spearman] law has 
been shown to give an excellent basis for prediction." Kelley (9), 
using data on lifted weights provided by Gordon, found a close 
agreement between predicted and observed values. Ruch and others 
( 16) found that in two out of five cases the formula tended to 
overpredict slightly the observed reliabilities of spelling material, 
but that the estimated results were meaningful. Wood ( 18) found 
that the formula very nearly predicted or else slightly underpre-
dicted observed results from true-false items given to language 
students. Furfey (6) showed that the formula slightly underesti-
mated reliability obtained by dividing a test into a number of com-
ponents. Remmers and others ( 12) found that the Spearman-
Brown formula predicted within one standard deviation the em-
pirical reliability of from one to and including thirteen judges 
using a rating scale. In later investigations, Remmers and others 
( 13), ( 14) and ( 3) found that increase in reliability of multiple-
choice vocabulary test items with increase in number of response-
alternatives per test item was predicted accurately with the use of 
the Spearman-Brown formula. For vocabulary test items varying 
in number of responses from two to five the predicted value of r 
did not differ significantly from that observed. 
Kelley ( 10) published mathematical proof in support of the fol-
lowing statements : 
(a) If the two halves are in truth measures of the same function 
and equally reliable and exactly variable, the reliability of the 
sum or average of the two is exactly given by the Spearman-
Brown formula. 
(b) If they are in truth measures of the same function but un-
equally reliable and unequally variable but not radically dif-
ferent in these respects, the reliability of the sum will be given 
by the Spearman-Brown formula to a remarkably close ap-
proximation. 
In the foregoing references the basic assumption of the Spear-
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man-Brown formula has been recognized. These references have 
also shown that whenever the assumption of homogeneity has been 
fulfilled in the empirical data, accuracy of prediction results. 
Since the development of the Spearman-Brown formula (17), 
( 1) assumes homogeneity of items to be added to a test, the possi-
bility of using this formula for determining the extent to which 
areas or subtests within a test measure homogeneous behavior is 
suggested. If a test contains items which are subject to logical 
classification into areas or subtests, it is possible to compare the 
coefficients of correlation for the odd and even items within an area 
!With the correlation obtained by assuming homogeneity among the 
unclassified items and ascribing discrepancies to differences in be-
havior of subjects between or among the various areas. 
Let it be supposed that a test of N items is administered to a 
group of subjects. Inspection of the items reveals that they can be 
classified into k areas of from 2 to N - 2 items per area. Two 
forms for each of the k areas are made by scoring the odd- and even-
numbered items of. each area. It is then possible to compute k 
intra-area correlation coefficients between the odd and correspond-
ing even forms. It is also possible to compute the total unclassified 
odd-even form correlation coefficient by pooling all odd and all 
even items. Involved in the test of significance of departure from 
homogeneity will be k + 1 correlation coefficients. It is then pos-
sible to obtain the significance of the difference between each ob-
tained intra-area correlation and the correlation for that area postu-
lated on the assumption of homogeneity ~.c:mg the N unclassified 
items according to the Spearman-Brown fflrmula. 
The American Council on Education Psychological Examination 
for College Freshmen was chosen as an illustration of the use of 
the Spearman-Brown formula in determining the extent to which 
areas of a test measure homogeneous behavior. This examination 
yields scores for two general areas of mental processes, Quanti-
tative, based on 80 items, and Linguistic, based on 120 items, and 
a total score based on the combined 200 items. Two forms for each 
area were designed by designating the odd- and even-numbered 
items. Scores for the four forms were obtained for a sample of 50 
freshmen entering the Iowa State College in 1947. 
The two intra-area correlation coefficients for the odd and even 
forms of the Quantitative and Linguistic areas were found to be 
.942 and .925, respectively. The odd-even form correlation for the 
total test was found to be .952. 
The assumption of homogeneity for the total test correlation 
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coefficient permits application of the Spearman-Brown formula. 
If the total test coefficient is reduced proportionately according to 
one half the number of items in each area, then the postulated 
correlation coefficient can be compared with the obtained coefficient. 
Since all the items in all areas contribute to the total test correlation, 
an additional consideration is necessary whenever the obtained in-
tra-area correlations ( 1) are not based on the same number of items 
per area, and (2) are not identical values. Whenever these con-
ditions are found, it is desirable to obtain the Spearman-Brown 
estimates proportionately to the relative magnitude of the obtained 
intra-area coefficients of correlation since the different types of items 
in the areas may yield different degrees of reliability. To obtain 
this ratio, and for subsequent tests of significance of the difference 
between correlation coefficients, the intra-area correlations are 
transformed to z-values, which have a more nearly normal distri-
bution. 
Transforming the intra-area correlation coefficients into z-values 
( 15) according to the function 
they became 
1 + r z =~loge---
1 - r 
Quantitative .942 1.755516 
Linguistic .925 1.622597. 
The proportionate reduction of the total test correlation 1s ac-
complished according to the ratio of individual area z-values to 
their sum 
1.755516 




.48 for the "L" area 
These values were divided by 2 to correct for each area form being 
based on half the number of items in the area, and the postulated 
N was found to be .26 for the Quantitative area and .24 for the 
Linguistic area. 
Substituting these values into the Spearman-Brown formula to 
obtain the postulated correlation coefficient, the formula became 
- (.26) (.952) 
ro - 1 + (.26 - 1) .952 = ·838 
for the Quantitative area, and 
(.24) (.952) 
ro = 1 + (.24 - 1) .952 
for the Linguistic area. 
.826 
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Transforming the foregoing values of .838 and .826 into z-values, 
they were found to be 1.214419 and 1.175414, respectively. 
Substituting the z-values for the obtained and postulated correla-
tion coefficients into the following formula ( 15) for testing the 
significance of the difference between two correlation coefficients, 
Z1 - Z2 
t = 
~n 2 3 
(where n is the number of subjects) the formula became 
t = 1.755516 - 1.214419 = 2.624 
2 
50-3 
for the Quantitative area, and 
1.622597 - 1.175414 
t = 2.169 
2 
50- 3 
for the Linguistic area. Consulting a table of t with N - 2, or 48 
degrees of freedom, these t-values are found to have probabilities of 
.00872 and .03008. 
The final procedure involves combining the probabilities for the 
t-values of the areas and noting the significance of the chi-square 





7.94052 - 10 
8.47828 - 10 
16.41880 - 20 = -3.58120 
Chi square = 4.60517 X 3.58120 = 16.49** With 4 degrees of 
freedom this chi-square value is found to be significant beyond 
the one per cent level. The chi-square value yielded from this pro-
cedure is undoubtedly low, since the postulated reliability coeffi-
cients are not entirely independent. If any allowance were made 
for the lack of independence, it would result in a higher level of 
significance. In this example, the interpretation would be the same. 
Thus the hypothesis of homogeneity between the two areas of 
mental processes concerned in the American Council on Education 
Psychological Examination is rejected. Scoring and interpreting 
these areas separately is suggested - a procedure which has been 
recognized by the publishers of the test. 
It should be noted that the technique here proposed does not 
guarantee homogeneity within a given area, but indicates the rela-
tive greater lack of homogeneity between or among areas than 
within areas. 
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SUMMARY 
The purpose of this paper was to propose and demonstrate a new 
technique for testing the homogeneity of behavior characteristics 
evaluated with separate areas of a test. The technique involves ap-
plying the Spearman-Brown prophecy formula to the correlation 
obtained for the total odd-even unclassified items in a test and postu-
lating the area odd-even correlations assuming homogeneous test 
material. Since the items within each area may yield different de-
grees of reliability, a further refinement of postulating the area 
odd-even correlation coefficients in proportion to the relative reli-
abilities of the areas was also proposed. Probabilities yielded from 
testing the significance of the difference between the postulated and 
the obtained correlations are then combined to obtain a chi-square 
value. The significance of the chi-square value is noted and the 
hypothesis of homogeneity accepted or rejected. 
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